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CORRIDOR AND DISTANCE EFFECTS ON INTERPATCH MOVEMENTS:

A LANDSCAPE EXPERIMENT WITH BUTTERFLIES

Nick M. HADDAD!
Institute of Ecology, University of Georgia, Athens, Georgia 30602 USA

Abstract.  The hypothesis that corridors increase animal movement between habitat
fragments, a central tenet of conservation biology, has been virtually untested. This study
demonstrates that corridors increase interpatch movement rates of two butterfly species.
The hypothesis was tested in a large-scale, replicated experiment, in which 27 equal-sized
(1.64-ha) patches of early successional habitat were created within large areas of pine
forest. Patches varied in whether or not they were connected to another patch by a corridor,
and in their distance from other patches (64-384 m). The results of mark-release-recapture
studies showed that two open-habitat butterfly species, Junonia coenia and Euptoieta clau-
dia, moved more frequently between patches connected by corridors than between uncon-
nected patches. Interpatch movement was significantly, negatively related to interpatch
distance. Interpatch movement rates of J. coenia were significantly, positively related to
the density of its host and nectar resource, Linaria canadensis. Corridor effects were stronger
for males than for females and were most pronounced within three days after butterflies
were marked. Pine forest was not a complete barrier to butterfly movement; both species
moved between unconnected patches, even at the longest distances. However, the results
of this study suggest that corridors will increase long-distance movements of habitat-re-

stricted species.
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INTRODUCTION

The corridor concept arose as a logical application
of island biogeography (MacArthur and Wilson 1967,
Wilson and Willis 1975, Brown and Kodric-Brown
1977) and metapopulation theory (Levins 1969, Lande
1987, Hanski and Gilpin 1991) to conservation in frag-
mented landscapes. Wilson and Willis (1975) first sug-
gested the use of corridors in conservation, concluding
that «“ . . . extinction will be lower when the fragments
can be connected by corridors.” Corridors remain one
of the most compelling applications of ecology to re-
serve design, and they have become cornerstones of
local, regional, and national management strategies
(Noss 1987, Mann and Plummer 1993, 1995, Meffe
and Carroll 1997). As they have become more widely
implemented, however, the conservation value of cor-
ridors has come into question (Simberloff and Cox
1987, Simberloff et al. 1992, Mann and Plummer 1995,
Rosenberg et al. 1997). Because of difficulties in mea-
suring movement and implementing replicated exper-
iments at scales relevant to habitat management, few
studies provide evidence that corridors fulfill their pri-
mary function and increase movement between patches
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(see reviews in Simberloff and Cox 1987, Simberloff
et al. 1992, Rosenberg et al. 1997).

Previous corridor studies have been limited by lack
of experimental control and replication, and by the
small sizes of corridors. Corridors are often much
smaller than those proposed in management, and they
are often too small to influence animal population dy-
namics. The best evidence demonstrating that corridors
increase movement rates between patches comes from
mark-release-recapture studies in large, non-experi-
mental landscapes. These studies have demonstrated
corridor use by small mammals (Zhang and Usher
1991), birds (Haas 1995), butterflies (Sutcliffe and
Thomas 1996), and other animals (Simberloff et al.
1992, Rosenberg et al. 1997). However, low recapture
rates and unreplicated landscape patterns make results
difficult to interpret and generalize (Nicholls and Mar-
gules 1991). In an experimental study, Andraesson et
al. (1996) showed that small mammals moved more
frequently between an intermediate-width corridor (1
m wide) than between a narrower (0.4-m) or wider
(3-m) corridor. In a large-scale experiment, Machtans
et al. (1996) demonstrated that birds move within forest
corridors more frequently than within open habitats.
Two recent corridor experiments have found no evi-
dence for corridor use by salamanders (Rosenberg et
al. 1997, 1998) and small mammals (Bowne et al.
1998). Other evidence commonly cited to support cor-
ridor use by animals includes observations of higher
densities in connected patches (MacClintock et al.
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1977, Fahrig and Merriam 1985, LaPolla and Barrett
1993, Dunning et al. 1995; but see Burkey 1997). How-
ever, several factors may cause higher densities in con-
nected patches, including higher movement rates
through corridors, higher immigration into corridors
from the surrounding landscape, and improved habitat
quality in connected patches (Haddad and Baum 1999).
In summary, although increasing numbers of studies
have tested the hypothesis that corridors increase in-
terpatch movement rates, empirical support for this hy-
pothesis remains weak.

To test the effects of corridors on animal movement
rates, I created an experimental system of open patches
and corridors within large stands of managed pine for-
est. The dimensions of landscape features, including
patch area, distance between patches, and corridor
length and width, were characteristic of managed land-
scapes in the southeastern United States. Within the
experimental areas, I studied the movement of two
open-habitat butterflies, Junonia coenia and Euptoieta
claudia. Through mark-release-recapture studies, I
measured directly the effects of corridors and distance
on interpatch movement rates. A negative relationship
between movement frequency and distance has been
demonstrated in many empirical (e.g., Fahrig and Pa-
loheimo 1988, Harrison 1989, Turchin and Theony
1993, Koenig et al. 1997) and theoretical studies (e.g.,
MacArthur and Wilson 1967, Turchin and Theony
1993, Turchin 1998). However, this is the first exper-
imental study to examine the influence of corridors on
movement rates at increasing interpatch distances.

METHODS
Study site

I tested the effects of corridors and distance on in-
terpatch movement rates at the Savannah River Site,
South Carolina. Experimental patches and corridors
were open habitats, created by harvesting trees in large,
forested areas managed for pine. The patches and cor-
ridors were created on sandy, upland sites. Before har-
vests, pine stands consisted of 30—40 yr-old loblolly
(Pinus taeda) and slash pine (Pinus elliotii). Because
pine were planted at high densities, closed forest can-
opies and dense litter prevented understory develop-
ment. Host and flowering plant resources of many but-
terflies, even forest species, were absent or present at
low densities in these forests (personal observation).
In contrast, open habitats, created by harvesting pine
forest, supported diverse and productive herbaceous
vegetation. Many animals, including the butterfly spe-
cies in this study, responded strongly to the contrast
between open habitats and managed pine forests (Had-
dad 1997). Vegetation in these forests and open habitats
is described in Workman and McLeod (1990).

Within the experimental patches and corridors, all
trees were harvested and the remaining slash was
burned. Patches were planted in loblolly pine. Harvests
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were typical of those at the Savannah River Site and
represented viable management alternatives in south-
eastern pine forests. Patches were the size of small
clearcuts created in forestry, and corridors were the
width of power line and road right-of-ways. Vegetation
within the experimental sites developed from regrowth
of established vegetation, especially trees; germination
from the existing seed bank; and colonization from
nearby clearings, power line right-of-ways, and roads.
Because the patches, corridors, and surrounding forest
were burned after experimental harvests, all butterflies
were assumed to have colonized patches from sur-
rounding habitats after patches were created.

The experiment consisted of equal-sized (1.64-ha),
square patches of open habitat (Fig. 1). In total, 27
patches were created within five contiguous areas of
pine forest that ranged in size from 20 to 100 ha and
contained 3-10 patches each (Fig. 1). The amount of
open area was 10-20% of the area of pine forest. The
size of square patches was fixed at 128 m on a side,
and all patches within a contiguous forest area were
oriented in the same direction. Two characteristics of
the patches were varied: interpatch distance and the
presence or absence of a connecting corridor. Corridors
were 32 m wide, or one-fourth of patch width. Dis-
tances between patches were 64, 128, 256, or 384 m
(0.5, 1, 2, or 3 times the width of a patch; see Table
1). The patches were created in the following sequence:
A-1 in March 1994, A-2, A-4, B-1, and the two south-
western patches in B-2 in October 1994, and the re-
maining B-2 patches in August 1995 (see Fig. 1). Areas
A-1, A-2, and B-1 were sampled in 1995, and all patch-
es were sampled in 1996. A grid system, described in
Haddad and Baum (1999), was established within each
patch to permit rapid assessment of spatial location to
a resolution of 8 m.

Study species

I studied butterflies because their life history char-
acteristics are well defined, they are generally associ-
ated with a narrow range of resources (Ehrlich and
Raven 1964), and they are relatively easy to study at
large spatial scales (Fahrig and Paloheimo 1988, Har-
rison 1989, Kuussaari et al. 1996). Junonia coenia
(buckeye; Lepidoptera: Nymphalidae) and Euptoieta
claudia (variegated fritillary; Lepidoptera: Nymphali-
dae) were selected as study species because they were
common in open habitats, which they strongly pre-
ferred over pine forest (N. M. Haddad, unpublished
data). J. coenia, in particular, is common in open, linear
habitats like roadsides and power line right-of-ways
(Clark 1932). Dense canopy cover within pine forests
limited the growth of larval host plants (Linaria can-
adensis for J. coenia and Passiflora incarnatum for E.
claudia) and flowering plants used by adult butterflies
as nectar resources. J. coenia and E. claudia are vagile;
Scott (1975a, b) found that average net displacement
over the adult life-span of J. coenia was 160 m for
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FiG. 1.

Map of 27 experimental patches at the Savannah River Site, South Carolina, United States. Alpha-numeric codes

(A-1, A-2, .. .) designate experimental areas that are contained within a single contiguous forest stand. The code represents
the forest compartment (letter) and stand (number) used at the Savannah River Site to demarcate timber management units.
Each patch was then numbered consecutively. Hatching indicates streams and other bodies of water.

males and 190 m for females, and that movement dis-
tances ranged from 0 m to 1100 m. These species rap-
idly colonized newly created clearings. Other species
that are more restricted to a specific habitat should
show stronger responses to corridors than do the spe-
cies in this study.

Butterfly surveys

In 1995 and 1996, a survey covered the entire patch,
was conducted in the time period 1000-1700, and was
suspended during rain. However, different survey
methods were used in each year. In 1995, each survey
consisted of 5-min observations in nine 32 X 32 m
areas within each patch. This method assumed detec-
tion of all butterflies within 16 m, a distance that I
realized was too large to encounter all Junonia coenia.
A transect approach was implemented in 1996 that as-
sumed an 8-m detection distance. Patches were divided
into eight 128 m long transects, each separated by 16
m. During a survey, each transect was walked in 6 min.

TaBLE |. Replication of connected and unconnected patch
pairs at each distance.

Distance
between
patches (m)

64
128
256
384

Patch pairs

Corridor No corridor

2
3
2
3

— N0 N

In both years, observation time excluded time spent
marking butterflies and recording data. In each year,
data were collected consistently among patches, per-
mitting valid analyses of corridor effects on interpatch
movements. However, differences in survey methods
prevented comparisons between years.

During each survey, an attempt was made to capture
every individual of the two study species with a hand-
held net. Each butterfly was assigned a unique iden-
tification number by marking the ventral side of its
wings with a felt-tipped pen (Ehrlich and Davidson
1960). For each individual, the identification number,
time of capture, sex, age, and location to within 8 m
were recorded. Individuals were released at the location
of capture.

In both years, several observers were trained to per-
form surveys. In 1995, patches 1-13 and 17-20 were
surveyed (patches 1-10 for three consecutive days, and
then the other seven patches for three consecutive
days). In 1996, all 27 patches were surveyed once be-
fore any patch was surveyed a second time and, on
average, 23 surveys were completed each day. To pre-
vent sampling bias, surveys of a given patch were al-
ternated between morning and afternoon.

Supplemental releases

Data on naturally occurring individuals were sup-
plemented by transplanting individuals of both species
into the experimental patches. Transplants evened out
the number of marked individuals per patch and in-



